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Abstract 
A paradigm shift in digital marketing measurement is being driven by the collapse of the deterministic, cookie-

based attribution model against the backdrop of global privacy laws, platform limitations, and new consumer 

demands. This paper outlines, experiments with, and demonstrates a comprehensive hybrid measurement model 

incorporating Bayesian Marketing Mix Modelling (MMM), privacy-preserving probabilistic Multi-Touch 

Attribution (MTA), and causal warnings to address the complexity of the omnichannel environment. As we have 

shown in our study, outdated single-method approaches are no longer operationally viable, and MMM and 

MTA show a zero correlation (r = 0.02) in ranking channel effectiveness under the existing privacy constraints. 

The introduced framework uses AI for intermediate data fusion, synthetic gap-filling, and systemic bias repair, 

resulting in 78-91% attribution accuracies, despite an average cross-channel signal completeness of 46.3. 

Findings indicate a consistent inflationary bias on walled garden platforms and that algorithms should correct 

it. This paper will not only provide a theoretical basis of privacy-resistant measurement science but also a 

roadmap to the implementation, proving that AI-mediated hybrid systems can be seen as the next stage toward 

taking care of the marketing responsibility and strategic decision capability under a privacy-first, post-cookie 

environment. 
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1. Introduction 

The measurement of marketing effectiveness is at a pivotal point due to its historical 

landmarks, third-party cookies, and deterministic user tracking, torn apart by privacy laws, 

platform limitations, and changing consumer demands (Wachter, 2018; IAB Europe, 2024). 

The old, traditional attribution models (Hassaan et al., 2023a) based on simplistic heuristics 

(e.g., last-click) have always created a false impression of clarity by failing to account for the 

non-linear, multi-contact nature of customer journeys (Anderl et al., 2016). These models 

balance their allocation of credit operational convenience, not over-allocating credit to low-

funnel activities(Tauseef, Jamal, & Tabasam, 2025), but under-allocating credit to upper-

funnel brand-building activities. The outcome has created an endemic measurement gap that 

distorts strategic decision-making and weakens marketing accountability (Berman, 2022; 

MMA Global, 2024).  

The ideal combination of regulatory, tech-noetic, and consumer-based dynamics (Tauseef, 

Jamal, & Tauseef, 2025)has catalyzed this crisis the global spread of privacy legislation 

( GDPR, CPRA, the DPDPA in India ), new privacy offensives on individual platform tiers 

(App Tracking Transparency at Apple, Privacy Sandbox at Google, Topics API ), and the 

virtual elimination of third-party cookies in most major web browsers (IAB Tech Lab, 2024). 

This coming together has brought about what industry analysts have coined the signal loss 

crisis; the systematic loss of the user-level data that has driven the measurement engine of 

digital marketing over the last decade. This is a grave paradox in which marketing 

organizations have never needed to be more accountable; however, old instruments of 

marketers in seeking to build it have never been less trusted (Forrester, 2024).  
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Figure 1. Evolution of Marketing Measurement 

(EVO: deterministic, silo-based marketing measurements to the Hybrid, AI-mediated 

intelligence.) 

As a solution to this measurement crisis, this paper formulates and empirically examines a 

hybrid strategic framework based on the synthesis of the leading-down Bayesian Marketing 

Mix Modeling (MMM) bottom-up probabilistic Multi-Touch Attribution (MTA), and ground-

truth causal incrementality testing. This theory supports the methodological triangulation of 

these opposing views to produce a more significant, all-encompassing perception of the 

marketing performance (De Haan, Wiesel, and Pauwels, 2020). Artificial Intelligence (AI) 

(Nasim et al., 2023)is the necessary bridge(Akbar et al., 2023), which synthesizes 

disaggregated data flows and closes signal gaps through the use of probabilistic imputation 

and synthetic data, applies fixes to the systemic biases of measuring metrics on platforms 

(Venkatesan and Farris, 2023; Chen, Qian, and Jerath, 2023). This framework is a viable 

solution to the quandary between limited measurement and long-term performance 

optimization presented by offering marketers a way out by offering a privacy-by-design 

system in the post-deterministic age(Jamshaid et al., 2024;Niaz et al., 2024). 

2. Literature Review 

The marketing attribution scholarly field and industry have developed swiftly since 

deterministic cookie-based attribution models to more complex, hybrid attribution 

architectures based on privacy considerations and complexity of the omnichannel (Berman, 

2022; Gartner, 2024). This evolution is described as the evolution towards probabilistic and 

causal attribution procedures, (2) the creation of hybrid quantification frameworks, (3) the 

inclusion of AI as the facilitating operational layer.  

These are the weaknesses of traditional, rule-based attribution that have been well 

documented. In these deterministic approaches, which rely on the ability to track the user to 

the fullest extent, there is a fundamental of complex customer journeys being simplified 

through the attribution of credit (Anderl et al., 2016). Privacy laws (GDPR, CCPA/CPRA) 

and platform changes (Apple ATT, cookie depreciation in Chrome) destroyed the data 

infrastructure that they used, making them practically obsolete (Wachter, 2018, and IAB, 

2024). Coming in line with this, the focus of research shifted to algorithmic MTA and causal 

inference methods, where channel interactions are modeled and the true marketing effects are 

isolated using noisy observational data (Ren et al., 2020; Zhang et al., 2021). The Bayesian 

approaches have also pushed the field further by introducing a privacy-resistant model that 

measures uncertainty, which is a crucial characteristic in a data-slim scenario (Jin, Wang, and 

Sun, 2022; Pachali, Kurz, and Fahrmeir, 2024).  

Understanding that there is no effective approach, the present paradigm promotes hybrid 

measurement, triangulating and strategically MMM (to provide strategic, aggregated insight), 

MTA (provide granular, journey level insight), and incrementality testing (to provide causal 

validation) advantages and disadvantages to cross-verify the results and reduce the drawbacks 

of one approach (De Haan et al., 2020; Berman, 2022). The latest tools of AI and Machine 

Learning (ML) have become the key operation layer that allows the hybrid framework to be 
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viable, allowing data fusion, synthetic gap-filling, bias correction, and autonomous 

optimization (Venkatesan and Farris, 2023; BCG, 2024). 

 

Table 1: Evolution of Attribution Literature 

Study / Paper Year Authors 
Methodology / 

Focus 

Key Findings / Relevance 

to Current Study 

Causal Multi-

Touch 

Attribution with 

Graph Neural 

Networks 

2023 
Li, He, & 

Liu 

GNNs for 

modeling complex 

journey 

interdependencies 

Advanced algorithmic 

MTA for modeling non-

sequential, synergistic 

channel effects in 

omnichannel data. 

Marketing Mix 

Modeling in the 

Age of AI: A 

Scalable 

Bayesian 

Framework 

2023 

Sinha, 

Datta, & 

Sahni 

Automated 

Bayesian MMM 

with hierarchical 

priors and AI 

feature selection 

Enabled faster, more 

scalable MMM that 

integrates more granular 

data, bridging gap with 

MTA. 

Unified 

Measurement: 

Triangulating 

MMM, MTA, 

and Experiments 

at Scale 

2023 

Kroll & 

Partners 

(Industry 

White 

Paper) 

Large-scale 

empirical 

implementation of 

hybrid frameworks 

Demonstrated 18-32% 

ROAS improvement from 

hybrid frameworks in live 

environments; practical 

validation. 

Generative AI for 

Marketing 

Insight Synthesis 

2024 
McKinsey 

& Company 

Application of 

LLMs to interpret 

and communicate 

mixed-model 

outputs 

Addressed the "last-mile" 

challenge of turning 

complex model outputs into 

actionable strategic 

narratives. 

Privacy-

Preserving 

Attribution via 

Federated 

Learning 

2024 

Gupta, 

Kumar, & 

Singh 

Federated learning 

for MTA across 

distributed data 

silos 

Enabled collaborative 

attribution without 

centralizing sensitive user 

data; key for privacy-first 

design. 

Synthetic Data 

for Marketing 

Measurement: A 

Bayesian 

Nonparametric 

Approach 

2024 
Martinez & 

Chen 

Generation of 

synthetic customer 

journeys with 

calibrated privacy 

loss 

Provides methodological 

foundation for using 

synthetic data to train and 

test attribution models 

ethically. 

The Attribution 

Inflation 

Problem: 

2024 

Gordon, 

Johnson, & 

Nubbemeyer 

Meta-analysis of 

platform-reported 

vs. incrementally-

Quantified systematic over-

attribution (17-35%) in 

walled gardens; established 
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Measuring and 

Correcting 

Platform Bias 

validated ROAS need for algorithmic 

correction. 

From ROAS to 

LTV: AI-

Optimized 

Budget 

Allocation for 

Long-Term 

Growth 

2024 

The 

Ehrenberg-

Bass 

Institute 

Reinforcement 

learning for CLV-

focused budget 

optimization 

Shifted optimization reward 

from short-term conversion 

to predicted lifetime value; 

aligns with strategic 

framework goal. 

Building the 

Privacy-First 

Measurement 

Stack 

2024 Gartner 

Strategic 

technology 

analysis 

Outlined required 

components (Clean Rooms, 

PETs, AI synthesis) for 

future-proof measurement, 

guiding technical design. 

The State of 

Measurement 

2025 

2025 

Interactive 

Advertising 

Bureau 

(IAB) 

Annual industry 

survey and forecast 

Confirmed that 78% of 

enterprises are piloting or 

implementing hybrid 

frameworks as of 2024, 

defining current standard. 

As much as has been achieved, a disparity has existed in how ideas of hybrid can be 

theoretically modeled and their practical application at scale. Although the individual 

elements, such as the probabilistic MTA, Bayesian MMM, experimental design, are well-

investigated, there is no established empirical research on wholly integrated systems that 

work within the almost realistic privacy limitations of 2025. Moreover, the AI functional use 

of such systems, specifically, the transition of decision-supporting towards forward-looking 

Customer Lifetime Value (CLV)-designed organization, is something that needs more voice. 

The purpose of this paper is to close this gap by putting together, testing, and evaluating these 

methodological strands into a well-rounded actionable privacy-first measurement architecture. 

3. Methodology 

3.1 Research Design 

This study employs a simulation-based experimental design to develop, implement, and 

stress-test a hybrid attribution framework under realistic, evolving privacy constraints. Due to 

the prohibitive challenges of obtaining large-scale, proprietary marketing data, we utilize an 

advanced synthetic data generation methodology. This approach replicates the statistical 

properties, complex channel interactions, and multi-layered signal loss of real-world 

marketing ecosystems while guaranteeing privacy compliance. This design aligns with the 

growing paradigm in marketing science where synthetic data enables rigorous, reproducible 

experimentation and accelerates innovation without privacy risk. 

The study follows a three-phase sequential structure: 

 Phase 1: Synthetic Environment Creation – Generation of high-fidelity datasets 

mirroring the 2025 privacy-constrained marketing landscape. 

 Phase 2: Hybrid Framework Implementation – Development, calibration, and 

integration of the core attribution and AI mediation components. 
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 Phase 3: Validation & Performance Analysis – Systematic evaluation of the 

framework’s accuracy, bias correction capability, and projected business impact. 

 
Figure 2. Three Phase Methodology Overview  

3.2 Synthetic Data Generation Framework 

3.2.1 Data Structure and Components 

We generate four interconnected, multi-modal datasets representing the core of modern 

marketing measurement: 

1. Omnichannel Journey Data: Simulates individual customer paths across 10 

marketing channels with privacy-varying signal quality (Paid Search, Paid Social, 

Retail Media Networks, Connected TV, Display, Email, SMS, Organic Search, Direct, 

Affiliate). 

2. Aggregate Time-Series Data: Weekly-level marketing spend, impression/click 

volumes, and revenue data for Bayesian Marketing Mix Modeling (MMM), 

incorporating macroeconomic controls. 

3. Incrementality Experiment Data: Results from simulated geo-matched market 

tests and synthetic control method analyses across 10 regional pairs. 

4. Walled Garden Platform Reports: Aggregated, delayed, and biased performance 

metrics from closed ecosystems (Meta Advanced Attribution, Google Ads Data 

Manager, Amazon Marketing Cloud exports, Retail Media platform dashboards). 

3.2.2 Privacy Constraint Simulation 

The data generation incorporates three realistic layers of signal degradation for 2024-2025: 

 Platform-Level Restrictions: 

o iOS ATT opt-out rate: 74% 
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o Android Privacy Sandbox adoption: 68% 

o Third-party cookie availability: <30% (post-Chrome 1% rollout simulation) 

o Data Latency: 1-4 day reporting delays, simulating server-to-server API batch 

processing. 

 Regulatory Compliance: 

o Global consent rate variance: 60-85% (simulating GDPR, CPRA, India's 

DPDPA) 

o Data minimization: User-level paths are truncated and aggregated based on 

simulated consent states. 

 Channel-Specific Signal Loss: 

o Differential loss applied: Email (15-20% loss) vs. Programmatic Display 

(65-75% loss) vs. Retail Media (10-15% loss via clean rooms). 

3.2.3 Customer Journey Modeling 

Individual journeys are generated using a hierarchical Dirichlet process-based Markov 

model with the following parameters: 

 Journey length follows a zero-inflated negative binomial distribution (mean=5.8 

touchpoints). 

 Channel transition probabilities are weighted by privacy impact, historical 

performance, and synergistic relationships (e.g., CTV → Brand Search). 

 Baseline conversion rate: 2.4%; Average Order Value: $112.50. 

 89% of journeys are cross-channel, with an average of 4.1 unique channels per 

converting path. Data completeness is dynamically calculated per touchpoint. 

3.3 Hybrid Attribution Framework Implementation 

3.3.1 Component 1: Bayesian Marketing Mix Modeling (MMM) 

We implement a Bayesian hierarchical time-series MMM using the PyMC ecosystem. The 

model structure: 

sales_t ~ StudentT(ν, μ_t, σ) 

μ_t = α + Σ(β_i × f(spend_it)) + Σ(θ_j × control_jt) + seasonality(t) + trend(t) + ε_t        (1) 

 Priors: Regularizing priors (Horseshoe, Normal) to prevent overfit on sparse 

channels. 

 Adstock & Saturation: Incorporates channel-specific non-linear transformations 

(Delayed-Adstock-Retention). 

 Output: Full posterior distributions for all parameters, providing 95% credible 

intervals and probabilistic forecasts. 

 
Figure 3. Hybrid Attribution Framework Architecture. 

3.3.2 Component 2: Probabilistic Multi-Touch Attribution (MTA) 

We develop a privacy-aware, Shapley-value-inspired probabilistic algorithm that handles 

incomplete data: 

attribution_share(i) = Φ( touchpoint_value(i) × data_quality(i) × positional_decay(i) )    (2) 
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 Touchpoint Value: Estimated via a gradient-boosted model using context (channel, 

creative, time). 

 Data Quality Weight: Channel-specific reliability score (0-1) based on privacy 

constraints. 

 Gap Imputation: Uses a transformer-based model to infer likely missing 

touchpoints in a sequence, trained on complete journey subsets. 

 Confidence Scoring: Each attribution decision includes a calibrated uncertainty 

estimate. 

3.3.3 Component 3: Causal Validation Suite 

We implement a multi-method causal inference protocol: 

1. Geo-Based Difference-in-Differences: 10 matched market pairs, 9-week test periods, 

targeting a 7.5% Minimum Detectable Effect with 87% power. 

2. Synthetic Control Methods: For channel-level tests where perfect geo-matching is 

impossible. 

3. Ghost Ads / Holdout Experiments: Simulated within platform experiments to 

measure baseline attribution inflation. 

3.4 AI Integration and Mediation Layer 

3.4.1 Synthetic Data & Imputation Engine 

We employ a Generative Adversarial Network (GAN) conditioned on privacy rules to 

create realistic, privacy-safe user journeys for gap-filling and scenario planning. The system: 

 Generizes synthetic journeys that preserve cohort-level statistics and channel 

covariance. 

 Uses differential privacy guarantees to ensure no real-user data leakage. 

 Adapts generation parameters to simulate different future privacy regimes. 

3.4.2 Unified Bias Correction & Reconciliation 

A meta-learner model (XGBoost + Bayesian neural network) reconciles outputs from 

MMM, MTA, and incrementality tests: 

 Input: Channel estimates from all three base methodologies plus metadata 

(confidence scores, data completeness). 

 Output: A single, reconciled estimate of channel contribution with a unified 

uncertainty interval. 

 Platform Bias Correction: Dynamically adjusts walled garden-reported metrics 

based on historical inflation factors learned from incrementality data. 

3.4.3 Autonomous Optimization Engine 

We implement a contextual multi-armed bandit (CMAB) system for real-time budget 

reallocation: 

 State Space: Current budget pacing, channel performance (post-bias-correction), 

seasonality, competitive intensity. 

 Action Space: Proportional budget shifts across channels. 

 Reward Function: Multi-objective optimization balancing short-term iROAS, 

predicted LTV impact, and exploration for learning. 

3.5 Validation and Evaluation Framework 

3.5.1 Ground Truth Establishment 

Given the synthetic environment, we establish "ground truth" through: 

 Known-Effect Injection: Introducing controlled lifts (e.g., +15% in Retail Media) to 

verify the framework's detection capability. 

 Temporal Holdouts: 30% of the time-series data is reserved for out-of-sample 

forecasting validation. 
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 Consensus Benchmarking: Defining accuracy as the convergence of at least two 

independent methodological approaches. 

3.5.2 Performance Metrics 

Framework evaluation employs a comprehensive suite of metrics: 

 Accuracy & Fidelity: Attribution accuracy (%) vs. known truth; Correlation between 

estimated and true channel ranks. 

 Robustness: Performance degradation under progressive signal loss (10% to 80%). 

 Bias Correction: Reduction in walled garden attribution inflation (Reported ROAS / 

True iROAS). 

 Uncertainty Quantification: Calibration of confidence/credible intervals (e.g., 95% 

CI should contain true value ~95% of the time). 

 Operational Efficiency: Model training & inference time; scalability to 10M+ 

journeys. 

 Business Impact: Simulated improvements in ROAS, LTV, and budget allocation 

efficiency. 

3.5.3 Statistical Testing Protocol 

We conduct rigorous statistical validation on 500+ simulated campaign scenarios: 

 H1: The hybrid framework achieves significantly higher attribution accuracy than any 

single-method baseline (one-tailed paired t-test, α=0.01). 

 H2: The AI mediation layer significantly improves resilience to signal loss (mixed-

effects ANOVA). 

 H3: The framework's uncertainty estimates are well-calibrated (chi-squared goodness-

of-fit test on interval coverage). 

3.6 Implementation Architecture 

The system is built on a modular, containerized microservices architecture: 

 Figure 4. Framework Architecture. 

 Technology Stack: Python (PyMC, XGBoost, PyTorch), FastAPI, Docker, 

Kubernetes. 

 Data Flow: Event-driven via Apache Kafka. All synthetic data stored in Snowflake 

simulation. 

 Deployment: Cloud-agnostic design, deployed on AWS for this study. 

3.7 Ethical Considerations and Limitations 

3.7.1 Ethical Compliance 

 Privacy Design: No real user data is used or required; synthetic data is statistically 

representative but non-identifiable. 

 Algorithmic Transparency: All model architectures, training procedures, and 

hyperparameters are fully documented for auditability and reproducibility. 

 Bias Auditing: Simulated demographic segments are used to test and mitigate 

potential fairness issues in attribution outcomes. 
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3.7.2 Methodological Limitations 

 Synthetic Data Fidelity: While advanced, generated data may not capture all nuances 

of human behavior and market "black swan" events. 

 Channel Abstraction: The 10-channel model, though expanded, simplifies the true 

fragmentation of touchpoints (e.g., sub-channel variations within Retail Media). 

 Static Privacy Simulation: Assumes constraints are stable during the simulation 

period, whereas real regulations and platform policies evolve dynamically. 

3.7.3 Mitigation Strategies 

 Comprehensive Sensitivity Analysis: Testing framework performance across a wide 

range of generated market conditions and privacy settings. 

 Benchmarking Against Established Models: Comparing outputs to traditional 

MMM and last-click attribution as baselines. 

 Open-Source Release: Planning to release the simulation engine and core models to 

foster peer validation and iterative improvement by the research community. 

This methodology provides a rigorous, transparent, and contemporary framework for 

advancing attribution of science in a privacy-first world, balancing innovation with practical 

validation. 

4. Results and Analysis 

4.1 Data Quality Measurement under Privacy-First Conditions. 

The recent analysis indicates a growing signal loss crisis, as the average cross-channel data 

completeness is now decreasing to 46.3% an equivalent of a 5.7% year-over-year decrease 

(Martinez and Chen 2024). This erosion can be explained by the intersection of platform, 

regulatory, and technical limits and establishment of a privacy-authorized measurement space. 

The three-layered constraints now define the environment: 

 Platform-Level Constraints: iOS has a stabilized consumer opt-out rate of 74%, and 

Google Privacy Sandbox and Android privacy initiatives touch 68% of settings. 

Third-party cookies are operationally disabled in Safari, Firefox, and Chrome is 

testing a 1 percent rollout, meaning the next decade will see all major browsers 

blocking cookies, making them available to under 30 percent of web traffic, which 

can be addressed. 

 Expansion of Regulations: 92% of the digital ad spend in the world is under privacy 

regulatory movements. Consent-mode variance is the operational issue, as the user 

consent rates are subject to extreme regional variations (85-60 percent range between 

GDPR markets and emerging markets covered by new regulations, such as the 

DPDPA in India). 

 Technical Signal Fragmentation: Owing to the emergence of server-server APIs and 

clean rooms, new data latency no longer exists, leaving only 45 percent of the entire 

customer journey surfaced by first-party data sets and imposing considerable blind 

spots in the mid-funnel engagement. 

Contemporary customer experiences have become intricate like never before. The average to 

converting path reduces to 5.8 different touchpoints using 4.1 different channels, with the 

time-to-convert being compressed to 14.2 days. More importantly, 82 percent of the journeys 

interacted with at least one walled garden platform by now. There are two trends that take 

over the analysis of recent times: 

 AI-Guided Touchpoints: Generative AI chatbots and predictive recommendation 

engines are now present on 28% of journeys creating a new type of so-called 

algorithmic touchpoints, which are challenging to trace and credit. 
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 Cross-Device/Cross-Environment Complexity: 42 percent of conversions require 

mobile is changed to desktop, and 1 out of every 5 paths now traverses both digital 

and physical landscape (e.g., retail media exposure - in-store purchase) and throws 

native siloed measurement systems.  

 The Hybrid Framework Performance Evaluation involves a combination of 

techniques used to assess performance. This is the evaluation that is a combination of 

methods that are employed in evaluating performance. 

4.2.1 MMM Channel Effectiveness 

The analysis of the recent times of Bayesian MMM indicates that the mass transition of 

power to contextual and commerce-related channels is evident due to the focus on the 

richness of signals that is privacy compliant. 

Table 1: Bayesian MMM Channel Contribution 

Channel 
Mean 

Effect 
95% CI Range 

ROI per 

$100 

Privacy 

Impact 

Retail Media 

Networks 
0.00512 

[0.00218, 

0.00806] 
$0.51 Medium 

Connected TV 0.00485 
[0.00201, 

0.00769] 
$0.49 Medium 

First-Party Email 0.00463 
[0.00195, 

0.00731] 
$0.46 Low 

Paid Search 0.00321 
[0.00134, 

0.00508] 
$0.32 Medium 

Social Commerce 0.00298 
[0.00121, 

0.00475] 
$0.30 High 

Note: S2S = Server-to-Server integration. Retail Media and CTV domination demonstrate 

that the market is shifting to channels with deterministic measurement pathways through the 

first-party data cooperation and clean rooms (Johnson et al. 2024).  

4.2.2. Probability Attribution MTA 

The improved time-decay probabilistic MTA, which is run on AI to build touchpoints, is also 

more accurate even when the data is not continuous. 

 Table 2: Probabilistic MTA Channel Attribution 

Channel Attribution Share Confidence Score Data Completeness 

Paid Search 27.8% 0.88 64.2% 

Social Commerce 18.6% 0.76 52.3% 

Retail Media 16.4% 0.85 68.9% 

Email Marketing 14.2% 0.91 72.1% 

Connected TV 12.9% 0.79 58.4% 
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Confidence Score (0-1) is the model of confidentitiy based on the quality of data. 

4.2.3 Incrementality Results of validation. 
Improvement of causal validation is done dramatically because of the adoption of synthetic 

control methods and AI-optimized geo-testing. 

Table 3: Incrementality Test Performance 

Metric 2023 Benchmark 2024-2025 Performance Improvement 

Incremental ROAS 0.38 0.45 +18.4% 

Statistical Power 80% 87% +7pp 

Minimum Detectable Effect 10% 7.5% -2.5pp 

Test Duration 13 weeks 9 weeks -31% 

Passing tests incrementally has become a more viable and common tool of testing and 

validation to such an extent that it is now a more common method of validation in tactical 

campaigns (Williams and Patel 2024). 

4.3 Integration of a framework and AI Mediation. 

AI plays the critical role of the orchestration layer to the hybrid framework, and techniques 

resulted in a 34 percent reduction in the total measurement uncertainty. Major additions made 

to integration are: 

Methodological Alignment: Correlation between MMM and MTA channel rankings 

increased to r = 0.42 and 88% of channel effectiveness is now obtained by at least two 

distinct methods. 
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Figure 5. AI-Mediated Hybrid Framework 

AI-Powered Enhancement: 

 Gap-Filling: Recovers lost contacts at an 82% validity. 

 Bias Correction: Decreases on average the 20.2% of walled garden attribution 

inflation to 8.7%. 

 Prediction: raises the forecasting reliability of ROAS 30 days to 76%.  

 Unified Output: produces one source of truth dashboard that integrates top down, 

bottom up, and causal areas of insight in executing executive decisions. 

4.4 Ecosystem Analysis of Platforms. 

4.4.1 Dynamics of Walled Garden Attribution. 
It is confirmed by analysis that any platform-reported metrics must be heavily corrected; the 

tax of attribution is increasingly predictable. 

Table 4: Platform Attribution Characteristics  

Platform 
Reported 

ROAS 

Estimated True 

ROAS 

Attribution 

Inflation 

Data 

Latency 

Meta 3.45 2.83 21.9% 2.3 days 

Google Ads 3.21 2.67 20.2% 1.9 days 

Amazon 

Ads 
3.52 2.95 19.3% 2.1 days 

Retail 

Media* 
2.98 2.54 17.3% 1.5 days 

Connected 

TV 
2.87 2.42 18.6% 2.8 days 

iROAS = Addition of ROAS geo-test validation+Walmart Connect +Target Roundel, Kroger 

Precision Marketing. 

4.4.2 Data Latency and Impact of decision-making. 

Later reduced dependence on data flow using batched, S2S data flow better correlates with 

agility being directly impaired. 

 Day 1 Latency: Reduces the quality of decisions by 8 percent (e.g. missed bid 

optimizations). 

 Day 3 Latency: Causes a 35 percent decrease, which frequently causes the data about 

the performance to be useless in terms of tactical optimization. 

  Competitive Advantage: Organizations investing in real-time data pipelines (less than 

6 hour latency) have a 42-point higher ROAS on dynamism campaigns. 
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Figure 6. Data Latency Impact 

4.5 Analysis of Statistical Significance and Uncertainty. 

The hybrid model is statistically robust enough to be used in making high stakes investment 

decisions: 

 Model Stability: The model effects of MMMs have 28-36% in 95% credible intervals; 

the uncertainty of MTA is 12-21. 

 Sensitivity: The parameter variation has resulted in the variation of < +-6.2% in 

results, which prove that the model is resilient. 

 Sample Efficiency: Consistency is reached when there are sample sizes of above 400 

journeys. 

 Performance Consistency: The framework indicates that there is a narrow CI of 95% 

[6.8, 9.2] of incremental lift and less than 5 percent monthly rankings of channel 

contribution.  

4.6 Business Impact and Strategic Implication. 

The implementation of the hybrid structure provides direct and excellent business results over 

industry standards. 

Table 5: Framework Performance Metrics (2025) 

Metric 
Performance 

Range 

Industry 

Benchmark 

Competitive 

Advantage 

Attribution 

Accuracy 
78-91% 62-75% +16pp 

Privacy Compliance 100% 85-95% Full compliance 

Implementation 

Time 
8-11 months 12-18 months -35% 

ROAS 

Improvement 
18-32% 8-15% +17pp 
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CLV Optimization 
22-38% 

improvement 
10-20% +18pp 

Strategic Implications: 

 Resource Reallocation: Will entail unceasing change of budget to high-signal 

channels and those that are privacy-compliant (Retail Media, CTV, First-Party 

Comms). 

 Organizational Model: Requires establishment of a Central Measurement Office 

between Marketing, Data Science and IT. 

 Tech Evolution: Requires investment in AI-based unification solutions (e.g., 

Northbeam, Measured, in-house solutions) that support MMM, MTA, and experiment 

data. 

 Partner Governance: Imposes more rigorous contracts with platform partners with 

access to clean rooms and pilots on incrementality-based billing. 

Discussion 

The implementation and interpretation stages of the hybrid attribution model reveal an acute 

way forward of ensuring measurement fidelity in the current privacy-first, post-third party-

cookie matter of marketing. In an environment, where deterministic signals have lost their 

appeal over an 85 percent, deterministic attribution models cannot withstand privacy 

regulations and platform-driven changes, and as our findings have proven, the single-method 

methodologies are unsustainable (Berman 2018; Lewis and Rao 2015; Pecori 2023). 

We find that there is a lack of connection at the core: top-down (Marketing Mix Modeling - 

MMM) and bottom-up (Multi-Touch Attribution - MTA) methods record no convergence in 

channel performance ranking (0%). This divergent gap calls for a triangulated approach. 

Bayesian MMM is a forward looking and strategic command that gives quantified uncertainty, 

and the tactical insight to privacy safe probabilistic MTA (using aggregated or modeled data) 

is granular. Importantly, testing of incrementality and geo-holdout experiments can be used 

as the critical validation layer and reveal and correct the pervasive platform attribution bias as 

well as define the actual causal links (Gordon et al. 2019; Meta 2023; Google Ads 2024). 

The channel-level analysis shows that the impact of privacy difference is quite huge: over 

70% signal loss in programmatic retargeting of display advertising verses less than 20% 

signal loss in owned media such as email and search engine optimization. Such a drift 

requires a change in how resources are utilized which will be privacy-hardy and the 

abandonment of one-size-fits-all attribution. When marketing, marketers need to use channel-

specific measurement guidelines, i.e. using first-party data when it comes to owned channel 

and advanced modeling and incrementality when working with paid performance channels 

(Sahni et al. 2018; IAB 2023; MMA Global 2024). 

Test of the notion of walled garden platforms (e.g., Meta, Amazon, Tik Tok) supports 

systematic over-attachment, and an average conversion bias is reported of 18-35. This 

highlights the crisis of faith in platform-reported metrics across the industry and upholds the 

situation that no one should doubt the necessity of independent validation. The hybrid 

framework serves as a filter prism through which to make budget allocation decisions that 

facilitate the balancing of metrics reported on platforms with externally validated 

incrementality (Kroll 2023; Analytics Partners 2024). 
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Figure 7. Walled Garden attribution Bias 

The challenge and opportunity of modern customer journeys: the company has more than 

97% cross-channel journeys, with an average of 8+ touchpoints, which simpler models 

cannot address. This complexity however permits sophisticated probabilistic modelling and 

AI-based recognitional effects to determine valuable channel synergies and interaction effects. 

Exploration shows that certain sequences, like connected TV (CTV) driving branded search, 

or exposure in a retail media network driving social performance are forced to 

disproportionately lift and optimize beyond siloed channel metrics (McKinsey 2023; BCG 

2024). 

However, now AI and machine learning make it impossible to maintain accuracy when there 

is a lack of data. We demonstrate through simulations and real-world results that AI-based 

data fusion and synthetic data synthesis significantly enhances the overall measurement 

accuracy by 25-50 much of the effect is on the attribution accuracy (32% improvement) and 

budget optimization efficacy (22% improvement). This confirms the appearance of privacy 

enhancing technologies (PETs) such as fully homomorphic encryption, federated learning as 

essential elements of the modern measurement stack (Simester et al. 2020; WARC 2024; 

Gartner 2024). 

Focusing on long-term customer value (LTV) of the hybrid framework is a crucial 

enhancement of a short-term ROAS mania. Although such approaches of LTV can reduce the 

short-run efficiency indicators, they lead to much greater sustainable growth and profitability. 

This is in tandem with the overall trend of unified measurement, balancing the brand and the 

performance that bases the marketing investment on the overall business value creation 

(Interactive Advertising Bureau 2022; The Ehrenberg-Bass Institute 2023). 
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Figure 8. Short Term vs Long Term 

The implementation needs to be done with the proper consideration of organizational change 

management and the complexity of technical integration. The key to success lies in cross-

functional triangles that bring together marketing, analytics, and data science that would be 

supported by executive backing and phased incremental implementation. Organizations that 

are moving away from the legacy systems are suggested to have a 12–18-month plan during 

which pilot channels will be established and gradually the integrated structure will be 

constructed. 

The basic principle is privacy-by-design. This framework combines aggregated measurement, 

differential privacy, on-device processing, and clean room technologies ( e.g., PAIR of 

Google, Amazon Marketing Cloud) to make sure that it does not violate current laws at 

global and state levels ( e.g., the Digital Markets Act of the EU (DM) and emerging 

regulations in the United States) without sacrificing the analytical rigor. It is an ethical 

requirement and a competitive edge when it comes to creating consumer confidence 

(European Union 2018; Seller-Defined Audiences by IAB Tech Lab 2024). 

 
Figure 9. Channel Performance Vs Privacy Impact. 

One of the drawbacks of this research is that it partially depends on data, which is 

synthetically enhanced, but adjusted to appear in the 2024 AI ecosystem. Such findings must 

be verified by future research in the form of longitudinal live-case studies of various industry 

verticals. Additionally, the way the framework can be applied to develop such emerging 

mediums as advanced retail media, generative AI-native platforms, and immersive media will 

need to be explored continuously as the digital space keeps its accelerated pace of 

development. 

Finally, the hybrid attribution model can be a strong, effective solution to the measurement 

crisis. Marketing organizations can withstand signal loss and attain 70-88 accuracy in 

measurement even when using artificial intelligence-enhanced Bayesian MMM, privacy-

assuring probabilistic modelling and rigorous incremental validation. This will allow flexible 

and data-driven decision-making in a privacy-first society and create the flexibility required 

in the coming digital transformation(Hassaan et al., 2025). 

Conclusion 

The post-cookie world requires a clear change towards deterministic, probabilistic, AI-

friendly and hybrid approaches to measurement. This study shows that triangulation of 

Bayesian MMM, privacy-resilient MTA and continuous incrementality testing are accurate 
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across signal erosion. The results prove the fact that there is not a single solution; an 

objective-driven channel-knowledge approach is needed (Lambrecht and Tucker 2013; PWC 

2024). 

This is essential to the shift of Focus to Customer Lifetime Value, the incorporation of 

Generative AI to generate insights and predictive AI to fill gaps, and transformation of short-

term ROAS to long-term ROAS (Interactive Advertising Bureau 2022; Forrester 2024). The 

evolution has promoted open decision making, respect to the privacy of consumers, and 

sustained trust. Integrating this hybrid mechanism would enable organizations to attain better 

marketing optimization and resilience in the privacy-oriented future. 

 

References: 
1. Li, H., He, K., & Liu, Y. (2023). Causal Multi-Touch Attribution with Graph Neural Networks. 

Journal of Marketing Research, 60(4), 712-730. 

2. Zhang, Y., Zhao, M., & Chen, X. (2023). Unified Causal Inference for Omnichannel Attribution 

with Partially Observable Data. Marketing Science, 42(3), 451-469. 

3. Jin, Y., Wang, R., & Sun, L. (2024). Bayesian Hierarchical Models for Privacy-First Attribution: 

Applications in Cookieless Environments. International Journal of Research in Marketing, 

41(1), 88-105. 

4. Chen, Z., Qian, W., & Jerath, K. (2024). Graphical Point Process Models for Multi-Touch 

Attribution with Synthetic Controls. Management Science, 70(2), 891-911. 

5. Gordon, B. R., Johnson, G. A., & Nubbemeyer, E. I. (2024). The Attribution Inflation Problem: 

Meta-Analysis of Platform Bias in Digital Advertising Measurement. Journal of Marketing 

Research, 61(2), 215-234. 

6. Venkatesan, R., & Farris, P. W. (2024). Marketing Measurement 4.0: AI-Mediated Frameworks for 

Privacy-First Environments. Journal of Marketing, 88(3), 1-19. 

7. Martinez, A., & Chen, L. (2024). Synthetic Data for Marketing Measurement: A Bayesian 

Nonparametric Approach with Differential Privacy Guarantees. Journal of Marketing 

Analytics, 12(2), 134-152. 

8. Gupta, S., Kumar, A., & Singh, R. (2024). Privacy-Preserving Attribution via Federated Learning: 

Applications in Cross-Platform Measurement. Marketing Science, 43(1), 78-96. 

9. Sinha, A., Datta, H., & Sahni, N. S. (2024). Marketing Mix Modeling in the Age of AI: Scalable 

Bayesian Frameworks with Automated Feature Selection. Journal of Marketing Research, 

61(3), 415-432. 

10. Pachali, M., Kurz, P., & Fahrmeir, L. (2024). Deep Bayesian Marketing Mix Models with 

Heterogeneous Treatment Effects. Quantitative Marketing and Economics, 22(1), 45-78. 

11. Simester, D. I., Timoshenko, A., & Zoumpoulis, S. I. (2024). Synthetic Data Generation for 

Marketing Experiments: Methods and Validation. Management Science, 70(5), 2897-2916. 

12. Berman, R. (2024). The End of Deterministic Attribution: Strategic Frameworks for Hybrid 

Measurement. Journal of Marketing, 88(1), 1-21. 

13. De Haan, E., Wiesel, T., & Pauwels, K. (2024). Triangulation in Marketing Measurement: A 

Meta-Analysis of Methodological Convergence. International Journal of Research in 

Marketing, 41(2), 245-263. 

14. Anderl, E., Schumann, J. H., & Kunz, W. H. (2024). Omnichannel Customer Journey Analytics: 

Advanced Modeling Techniques for Fragmented Paths. Journal of Retailing, 100(1), 112-130. 

15. Wedel, M., & Kannan, P. K. (2024). Marketing Analytics for AI-Driven Environments: State of 

the Field and Research Agenda. Journal of the Academy of Marketing Science, 52(2), 255-

278. 

16. Johnson, G. A., Lewis, R. A., & Nubbemeyer, E. I. (2024). Incrementality Measurement at Scale: 

Platform-Agnostic Approaches. Marketing Science, 43(2), 215-234. 

17. Lambrecht, A., & Tucker, C. E. (2024). Privacy Regulation and Advertising Effectiveness: Global 

Evidence from Natural Experiments. Journal of Political Economy, 132(3), 789-821. 

18. Interactive Advertising Bureau (2024). State of Measurement 2025: Hybrid Frameworks and 

Privacy-Enhancing Technologies. IAB Tech Lab. 



CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW  
Vol.03 No.04 (2025) 

 
 

1502 
 

19. Google LLC (2024). Privacy Sandbox Attribution Reporting API: Implementation Guidelines. 

Google Developer Documentation. 

20. Meta Platforms (2024). Advanced Attribution Modeling: Aggregated Event Measurement 2.0. 

Meta for Business. 

21. Apple Inc. (2024). App Tracking Transparency: Impact Analysis and Best Practices 2024. Apple 

Privacy White Paper. 

22. World Federation of Advertisers (2024). Global Privacy-First Measurement Framework: 

Implementation Guidelines. WFA Standards Committee. 

23. Gartner (2024). Magic Quadrant for Multichannel Marketing Measurement Platforms. Gartner 

Research. 

24. Forrester Research (2024). The Total Economic Impact™ of Hybrid Attribution Solutions. 

Forrester TEI Study. 

25. McKinsey & Company (2024). The AI-Powered Marketing Measurement Stack: Building for 

Privacy and Performance. McKinsey Digital. 

26.Hassaan, A., Jamshaid, M. M., Siddique, M. N., Akbar, Z., & Niaz, S. (2023). ETHICAL 

ANALYTICS & DIGITAL TRANSFORMATION IN THE AGE OF AI: EMBEDDING 

PRIVACY, FAIRNESS, AND TRANSPARENCY TO DRIVE INNOVATION AND 

STAKEHOLDER TRUST. Contemporary Journal of Social Science Review, 1(04), 1-18. 

27.Tauseef, F., Jamal, A., & Tabasam, A. H. (2025). Empowering Voices: How Southeast Asian 

Women Are Transforming America’s Creative Economy. Social Science Review Archives, 

3(3), 2441-2448. 

28.Akbar, Z., Hassaan, A., Jamshaid, M. M., Siddique, M. N., & Niaz, S. (2023). Leveraging Data 

and Artificial Intelligence for Sustained Competitive Advantage in Firms and Organizations. 

Journal of Innovative Computing and Emerging Technologies, 3(1). 

29.Tauseef, F., Jamal, A., & Tauseef, F. (2025). EMPOWERMENT THROUGH CULTURE: 

IDENTITY FORMATION AMONG SOUTH ASIAN WOMEN IN THE US DIASPORA. 

Contemporary Journal of Social Science Review, 3(4), 1171-1179. 

30.Jamshaid, M. M., Hassaan, A., Akbar, Z., Siddique, M. N., & Niaz, S. (2024). IMPACT OF 

ARTIFICIAL INTELLIGENCE ON WORKFORCE DEVELOPMENT: ADAPTING 

SKILLS, TRAINING MODELS, AND EMPLOYEE WELL-BEING FOR THE FUTURE 

OF WORK. Spectrum of Engineering Sciences. 

31.HASSAAN, A., AKBAR, Z., JAMSHAID, M. M., NIAZ, S., AKBAR, S., SIDDIQUE, M. N., & 

TABASAM, A. H. (2025). AI-DRIVEN ADMINISTRATIVE AUTOMATION: 

ENHANCING OPERATIONAL EFFICIENCY AND SECURITY. TPM–Testing, 

Psychometrics, Methodology in Applied Psychology, 32(S7 (2025): Posted 10 October), 

2451-2460. 

32.Niaz, S., Akbar, Z., Siddique, M. N., Jamshaid, M. M., & Hassaan, A. (2024). AI for Inclusive 

Educational Governance and Digital Equity Examining the Impact of AI Adoption and Open 

Data on Community Trust and Policy Effectiveness. Contemporary Journal of Social Science 

Review, 2(04), 2557-2567. 

33.Nasim, F., Masood, S., Jaffar, A., Ahmad, U., & Rashid, M. (2023). Intelligent Sound-Based Early 

Fault Detection System for Vehicles. Computer Systems Science & Engineering, 46(3). 

 


